Amino analogs of echinochrome and ethylmompain, metabolites of sea urchins Scaphechinus mirabilis and Echinothrix diadema, and amino analogs of cristazarin, a metabolite of lichen Cladonia cristatella, were synthesized.
Naphthazarins (5,8-dihydroxy-1,4-naphthoquinones, NAZ) bearing amino groups are extremely rare natural products [1] . Echinamines A (1a) and B (1b) are the first naturally occurring polyhydroxylated aminoNAZs to be isolated, and are the pigments of the sea urchin Scaphechinus mirabilis (Fig. 1 , in each case the structures of the naphthazarin derivatives are given only for one of all possible tautomers) [2] . Recently, Zhou [3] and Powell [4] with co-workers reported the identification of two new aminated polyhydroxylated 1,4-naphthoquinones (aminoPHNQs) with molecular formulae C 12 H 9 O 6 N and C 10 H 7 O 7 N from the sea urchins Strongylocentrotus nudus and Psammechinus miliaris. The aminated PHNQs in the HCl -ethanol -aqueous extract were tentatively identified by high performance liquid chromatography-mass spectrometry. In all biological testing methods, the extracts containing aminated PHNQs showed excellent antioxidant activity [3] [4] . From a comparison of the UV spectra of echinamines A (1a), B (1b) and aminoPHNQ C 10 H 7 O 7 N it may be concluded that the last compound is most likely to be aminoNAZ, already known as spinamine (1c) [5] . It should be noted that compounds 1a-c are amino analogs of echinochrome (2a) and spinochrome E (2b), the pigments of some species of sea urchins, and often are an accompaniment to them [2] [3] [4] . Recently we reported the synthesis of echinamines A (1a), B (1b) [6] [7] and spinamine (1c) [8] , which supported their structures. From the above reasoning it may be supposed that the compound with molecular formula C 12 H 9 O 6 N is an aminoPHNQ 3a (or its isomer 3b), analog of spinochrome A (3c), which was found in the sea urchin S. nudus [3] . As a part of an exploration program for the synthesis of aminoPHNQs, it was necessary to study the reaction of alkylchloro and alkylbromo NAZs 4a, 4c with NaN 3 (Scheme 1). The nucleophilic substitution of a chlorine or bromine atom by an azido group in chloro-4a or bromonaphthazarin 4c by the action of excess of NaN 3 in DMSO, followed by treatment with water, gave the aminoNAZ 6a in moderate yield. Product 6a is the result of reduction of the corresponding azido-1,4-naphthoquinone 5a with the hydrazoic acid arising during treatment of the reaction mixture with water [9] .
Probably, the product 7а is a result of the addition of hydrazoic acid to the quinone methide 6a΄ formed from the compound 6a [10] . The resulting tetrahydroxynaphthalene 7a΄ converts to the final product 7a by air oxidation (Scheme 2). AminomethoxyNAZ 6a was easily converted into the amino analog of ethylmompain 8 by the action of conc. HBr in acetic acid. Also, by the action of mixture of H 2 SO 4 -HСОOН in DMSO, the compound 6a was converted into cristazarin (9), a metabolite of lichen Cladonia cristatella [11] , and further to ethylmompain (10) (Scheme 3). Ethylmompain was isolated from sea urchin Echinothrix diadema [12] . From the aforesaid, it may be assumed that aminoPHNQ 8 is an accompaniment of PHNQ 10 and is found in this genus. 1a and 1b (4d5b6b11, Scheme 1,4). Compared to echinamines A (1a) and B (1b) the isomeric product 11 is a very labile compound and is easily converted into echinochrome (2a).
It should be noted that when echinamines A, B (1a, b), their isomer 11 and spinamine (1c) were worked up using acids (the standard procedure for separation of spinochromes from sea urchins), the formation of echinochrome (2a) and spinochrome E (2b) was observed. The apparent ease of conversion of compounds 1a, 1b, 11 and 1c to 2a, 2b under acidic conditions, as in the case of the conversion of the simple 2-amino-1,4-naphthoquinone to 2-hydroxy-1,4-naphthoquinone [1c], suggests that echinochrome and spinochrome E are, at least in part, an artefacts of the separation procedure.
Experimental
General: All individual compounds were crystallized from a solvent mixture of acetone -hexane. The melting points were determined with a Boetius apparatus and were uncorrected. Analytical grade solvents were used. The IR absorption spectra were recorded on a Bruker Vector 22 spectrophotometer. UV spectra were obtained on a spectrophotometer UV-160 1PC. 1 H and 13 C NMR spectra were recorded on Bruker Avance 300, Bruker Avance-III 500 HD and Bruker Avance-III 700 spectrometers at 300 and 75 MHz, at 500 and 125 MHz, and 700 and 176 MHz, respectively. The chemical shifts (δ) are in parts per million (ppm) relative to TMS (δ=0.0 ppm). The mass spectra were taken on an AMD 604S spectrometer (direct sample inlet, ionizing energy 70 eV and elevated temperature). High resolution mass spectra were obtained on a mass spectrometer Bruker Agilent 6510 Q-TOF in the mode of [M -H] -registration. HPLC for mixture of compounds 11 and 2a was performed using a Shimadzu LCMS-2020 chromatograph with a diode-matrix and mass-spectrometric detectors. Mass spectra were taken in the electrospray ionization (ESI) mode at atmospheric pressure with recording of negative (1.50kV) and positive ions (1.30kV) in the m/z = 100-600 range. The course of reactions was monitored and the purity of the compounds obtained was checked by TLC, 3:1 n-hexane-acetone mixture was used as eluent. Merck Kieselgel 60F-254 plates were preliminary treated with 0.05 M tartaric acid in MeOH and dried at 50 o C for 2-3 h. Preparative TLC and CC were performed on silica gel (Chemapol), 5/40 and 40/100 μm, respectively, using nhexane/benzene/ethyl acetate (5:1:1). Yields were not optimized. The compounds 4d,b were prepared according to previously described procedures [13, 14] .
7-Chloro-6-ethyl-5,8-dihydroxy-2,3-dimethoxy-1,4-naphthoquinone (4d):
This substance is the side product of echinochrome synthesis [15] Reaction of bromonaphthazarin 4c and chloronaphthazarins 4a,d with NaN 3 . General Procedure 1: To a stirred solution of the corresponding naphthazarin (0.34 mmol) in 20 mL of DMSO was added NaN 3 (130 mg). The reaction mixture was stirred at 65 С (TLC control), diluted with H 2 O and extracted with EtOAc. The organic layer was washed with water and brine, dried over anhyd. Na 2 SO 4 , and concentrated. The product was isolated by preparative TLC. In accordance with the general procedure 1, the compound 4a gave 5a (22%), 6a (30%) and 7a (22%); 4c gave 5a (12%), 6a (37%) and 7a (9%); compound 4d gave 5b (9%), 6b (30%) and 7b (5%). 13 .57 (1H, s, C-8-ОН). 13 -3-ethyl-5,8-dihydroxy-6,7-dimethoxy-1,4-naphtho HBr/HOAc, 1:1 (20 mL) was refluxed and reaction was monitored by TLC. The reaction mixture was diluted with H 2 O (10 mL) and extracted with EtOAc. The organic layer was washed with water and brine, dried over anhyd. Na 2 SO 4 , and concentrated. The product was isolated by preparative TLC. In accordance with the general procedure 2, the compound 6a gave aminohydroxynaphthazarin 8 (34%); 9 gave ethylmompain 10 (30%); the compound 6b in this condition gave a mixture of aminohydroxynaphthazarin 11 and hydroxynaphthazarin 12 in a ratio 1:1 (12 mg). Ethyl-2,5,7,8-tetrahydroxy-1,4- 6 .53 (1H, br. s, C-6-ОН), 6 .64 (1H, s, C-7-Н), 6 .89 (2H, br. s, NH 2 ), 11.68 (1H, br. s, C-5-ОН), 13.10 (1H, s, C-8-ОН). 13 SO 4 , and concentrated, and the product was isolated by preparative TLC (n-hexane/acetone (2:1)).
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3-Amino-2-ethyl-5,8-dihydroxy-6-methoxy-1,4-naphthoquinone (6a)
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3-Ethyl-2,5,8-trihydroxy-7-methoxy-1,4-naphthoquinone (9) was obtained as a red needles (54%): MP: 230-232C (uncorr.). MP: 230-232C [18] . MP: 154-157C [11] .
The spectra of compound 8 agreed fully with those in the literature [19] .
